The pseudoscalar and pseudovector ηN coupling constants are calculated from an effective vertex associated with the a 0 (980)πN triangle diagram. The predicted values are in agreement with the ones concluded from fitting η photoproduction amplitudes. In this context we stress the importance of the properties of the scalar meson octet for η meson physics.
Introduction
In contrast to the πN -interaction, little is known about the ηN -interaction and, consequently, about the ηN N vertex. In the case of pion scattering and pion photoproduction the πN N coupling is preferred to be pseudovector (PV), in accord with current algebra results and chiral symmetry. However, because the eta mass is so much larger than the pion mass -leading to large SU(3) x SU(3) symmetry breaking -and because of the η − η ′ mixing there is no compelling reason to select the PV rather than the PS form for the ηN N vertex.
The uncertainty regarding the structure of the ηN N vertex extends to the magnitude of the coupling constant. This coupling constant g 2 ηN N /4π varies between 0 and 7 with the large couplings arising from fits of one boson exchange potentials. Typical values obtained in fits with OBEP potentials [1] can lie anywhere between 3 -7. However, including the η yields only small effects in fitting the N N phase shifts and, furthermore, provides an insignificant contribution to nuclear binding at normal nuclear densities. Furthermore such OBEP potentials use the eta as an effective meson to describe effects of more elaborate two-meson correlations. This can be seen in the full Bonn potential, where the eta coupling is below 1 and can be neglected in the calculations [2, 3] . From SU(3) flavor symmetry all coupling constants between the meson octet and the baryon octet are determined by one free parameter α, giving 
The resulting values for the coupling constant lie between 0.8 and 1.9 for commonly used values of α between 0.6 − 0.65 and depend on the F and D strengths chosen as the two types of SU(3) octet meson-baryon couplings.
Other determinations of the ηN N coupling employ reactions involving the eta, such as π − p → ηn, and range from g 2 ηN N /4π = 0.6 − 1.7 [4] . Smaller values are supported by N N forward dispersion relations [5] with g 2 ηN N /4π+ g 2 η ′ N N /4π ≤ 1.0. There is some rather indirect evidence that also favors a small value for g ηN N . In Ref. [6] , Piekarewicz calculated the π-η mixing amplitude in the hadronic model where the mixing was generated byN N loops and thus driven by the proton-neutron mass difference. To be in agreement with results from chiral perturbation theory the ηN N coupling had to be constrained to the range g 2 ηN N /4π = 0.32 − 0.53. In a very different approach, Hatsuda [7] evaluated the proton matrix element of the flavor singlet axial current in the large N C chiral dynamics with an effective Lagrangian that included the U A (1) anomaly. In this framework, the EMC data on the polarized proton structure function (which have been used to determine the "strangeness content" of the proton) can be related to the η ′ N N and the ηN N coupling constants. Again, his analysis prefers small values for both coupling constants. Nevertheless, from the above discussion it seems clear that the ηN N coupling constant is much smaller compared to the corresponding πN N value of around 14.
In a recent analysis of η photoproduction on the proton [8] both nature and magnitude could be determined in a comparison of a dynamical model with new high accuracy data from Mainz [9] . In this calculation the resonance sector includes the S 11 (1535), P 11 (1440) and D 13 (1520) states whose couplings are fixed by independent electromagnetic and hadronic reactions like (γ, π), (π, π), (π, ππ) and (π, η). The nonresonant background is described by vector meson exchange contributions and s-and u-channel Born terms, where the ηN N coupling constant enters. By comparison with the data on total and differential cross sections the couping constant was determined as g 2 ηN N /4π ≈ 0.4 with a clear preference for a pseudoscalar type. The aim of this paper is to calculate the pseudovector as well as the pseudoscalar coupling constant of the η meson to the nucleon. In section 2 we analyze the different structures of the isosinglet and isotriplet axial vector nucleon currents on the quark level to motivate the smallness of the pseudovector ηN coupling (subsequently denoted by f ηN N ) relative to the corresponding pseudovector πN coupling (denoted by f πN N ). In fact, in contrast to the isotriplet axial current the isosinglet axial vector current of the nucleon does not contain any component formed of the isodoublet u and d quarks of the first quark generation but is determined exclusively by the isosinglet c and s quarks belonging to the second quark generation. The (pointlike) pseudovector ηN coupling will be therefore exclusively determined by the presence of strange/charmed quarkonium component both in the meson wave function and the nucleon current and expected to be rather small. In this context vertex corrections can acquire importance. We here advocate the idea to treat the coupling of strange quarkonium to the nucleon by means of triangular vertices involving appropriate nonstrange mesons.
In section 3 we consider the long range η → (a 0 πN ) triangle diagram as a model for the mixture of the pseudoscalar and pseudovector ηN N vertices, derive analytical expressions for g ηN N and f ηN N and fix in a natural way their relative sign. The special role of the a 0 (980)πN triangle diagram as the dominant one-loop mechanism for the ηN coupling is singled out by the circumstance that the a 0 (980) meson is the lightest meson with a two particle decay channel containing the η particle [10] . The contributions of heavier mesons such as the isotriplet a 2 (1320) tensor meson with an ηπ decay channel and the isoscalar f 0 (1400), f ′ 2 (1525) and f 2 (1720) tensor mesons with ηη decay channels will be left out of consideration because of the short range character of the corresponding triangle diagrams on the one side, 1 and because of the comparatively small couplings of the tensor mesons to the nucleon [2, 11] on the other side.
In section 4 we show that the small value of g 2 ηN N /4π ≈ 0.4, as obtained from fits of the photoproduction amplitude [8] is well reproduced in terms of the a 0 (980)πN triangular ηN coupling if complete dominance of the full a 0 decay width by the a 0 (980) → η + π decay channel is assumed and use is made by the version of the Bonn potential with the lowest value for the a 0 N coupling constant [2] . The paper ends with a short summary.
The couplings of the η meson to the isoscalar axial vector current of the nucleon
Within the SU(3) flavor symmetry scheme the neutral weak axial current of the nucleon J 0 µ,5 following from the Glashow-Weinberg-Salam electroweak gauge theory is given by the matrix element of the corresponding quark currents as
This may be reduced to
Here g A is the weak isovector axial coupling constant, G s 1 denotes the weak isoscalar axial coupling (g A = 1.25, G s 1 = −0.13 ± 0.04 [12] ), u( p ) stands for the Dirac bi-spinor of the nucleon, whereas J µ,5 (I = 1) and J µ,5 (I = 0) in turn denote the isotriplet and isosinglet axial vector nucleon currents. The matrix element of the isoscalar axial vector current between the η/η ′ /π pseudoscalar mesons and a NN-state is defined in the standard way as
Here m n and f n denote in turn the mass and the dimensionless coupling constant of the respective meson (n = η, η ′ , π ) to the hadronic vacuum.
In the three flavor quark model, the wave functions of the low lying pseudoscalar mesons are described as linear combinations of quark-antiquark (qq) pairs. The physical singlet and scalar states within the pseudoscalar meson octet corresponding to the η ′ and the η mesons are moreover predicted to be mixed according to
with the mixing angle θ P = −10.1 • [10] being determined from mass formulae. The presence of a strange quarkonium component in the pseudoscalar isoscalar mesons is equivalent to a violation of the Okubo-Zweig-Iizuka rule predicting the suppression of ss → uu/dd transitions. The evaluation of the matrix element of the isoscalar axial vector current between the η meson state and the hadronic vacuum is based on the QCD suggestion [13] that a quark q i of flavor i in the pseudoscalar mesons couples only to the currentq i γ µ γ 5 q of the same flavor and that the coupling strength κ is flavor independent
Here, α j n denotes the weight of the (q j q j ) quarkonium in the wave function of the pseudoscalar meson (n = η, η ′ , π ) considered. Eq. (3) shows that in contrast to the isoscalar vector current, the isoscalar axial vector current of the nucleon contains no non-strange component. Because of that the pointlike coupling of the isosinglet pseudoscalar mesons to the corresponding nucleon current is realized only via their strange quarkonium components, in which case one has
while for the pion one has
Insertion of Eqs. (7-9) into (6) and a subsequent comparison with (4) lead on one side to
where we made use of the empirical value for the (dimensionless) pion decay coupling constant f π = 92MeV/m π . On the other side, with that the coupling strength κ is calculated as κ = 0.9428 and the values of f η and f η ′ are completely determined by
respectively. To get a rough understanding of the origin of the pseudovector ηN , η ′ N and πN couplings introduced via the corresponding Lagrangians as
it is quite instructive to consider a "toy" model in which universality of the axial currents of the pseudoscalar meson is assumed for the moment (Fig. 1) . This would allow one to obtain the following parametrizations
where use has been made of the on-shell equivalence between the pseudoscalar and pseudovector meson nucleon couplings leading to the relation f n /m n = g nN N /2m N . The usefulness of the "universality" ansatz is best demonstrated for the case of the pion where the empirical value of f πN N = 1.0026 as deduced with a good accuracy from chiral symmetry constraints is only few percent larger than the one concluded from the "universality " arguments as f toy πN N = g A /2f π = 0.9375f πN N . For the case of the charged axial vector current "universality" is equivalent to the GoldbergerTreiman (GT) relation and thus to current conservation in the chiral limit of a vanishing pion mass. For the case of the isoscalar axial vector current, however, the "toy" model is less useful as it would suggest a GT-like relation between G s 1 , f η , f ηN N and m η , which is unrealistic in view of the axial anomaly problem. Nontheless, the considerations given above are instructive in a sense that they clearly illustrate the fundamental difference between the couplings of isovector and isoscalar pseudoscalar mesons to the axial nucleon current. Whereas the pseudovector η/η ′ N coupling relies on the strange component of the axial vector current, its purely non strange component is relevant for the pseudovector πN coupling. Eqs. (10) (11) (12) together with Eqs. (15) (16) (17) lead to the following relations
Eq. (19) shows that the ηN vertex appears suppressed relative to the πN vertex by at least one order of magnitude. For this reason we expect the much larger experimentally observed ηN couplings (r ≈ 0.2) to be governed mainly by the effective a 0 πN triangular vertex rather than by the contact meson-current couplings considered in the "toy" model above.
In the following section we consider an effective ηN N vertex associated with the a 0 πN triangle diagram (Fig. 2) , which is the dominant long range one loop mechanism for the isoscalar axial nucleon coupling, and calculate both the values of f ηN N and g ηN N associated with this vertex. The πa 0 N triangle diagram is calculated using the following effective Lagrangians for the a 0 → η + π decay, the πN and the a 0 N couplings:
Here f πN N and g a 0 N N in turn denote the pseudovector πN and the scalar a 0 N coupling constants, for which we adopt the values f 2 πN N /4π = 0.08 and g 2 a 0 N N /4 π = 0.77, respectively. These values are implied by the relativistic Bonn one boson exchange potential (OBEPQ) for the nucleon-nucleon interaction [2] . To regularize the integral in the triangle diagrams in Fig. 2 we introduce the same monopole form factors at the πNN and a 0 NN vertices as established by the Bonn potential model. The following contribution to the ηN N vertex is then obtained:
Here Λ π and Λ a 0 are the cut-off parameters in the monopole vertex factors, for which we use the values 1.05 GeV and 2.0 GeV, respectively. The functions Z 1 (m 1 , m 2 , x, q 2 ) and Z 2 (m 1 , m 2 , x,ȳ, q 2 ) are defined as
The ηN coupling constant is obtained by setting q 2 = m 2 η in Eq. (23). The corresponding expression for the pseudovector coupling reads:
Results and discussion
Using for f a 0 ηπ the value of 0.44 extracted from the experimental decay width [10] when ascribing the total a 0 decay width to the a 0 → η + π decay channel, we obtain
These are the quantities which we shall interpret as the values for the pseudoscalar and pseudovector coupling constants, respectively. The main sources of uncertainty in the parametrization of the ηN N coupling constants by means of the triangular a 0 (980)πN diagram are associated with the a 0 (980)N coupling constant and the Γ(ηπ)/Γ tot a 0 fraction. The coupling constant g a 0 N N varies between 3.11 and 5.79 depending on the N N potential model version [2, 11] . In view of the KK mesonium structure of the a 0 meson [10] the a 0 N coupling will be mainly governed by the short range KKΛ intermediate configuration and therefore expected to be small. For this reason we favor in the present investigation the versions of the Bonn potential with the lowest g a 0 N N values reported. It should further be pointed out that an increase of g ηN N and f ηN N implied by a larger g a 0 N N value can be compensated to a large amount by the reduction of the a 0 (980) → η + π partial width from the 100% used by us to a lower and more realistic value. The size of the coupling constants obtained in the present study can therefore be viewed as realistic. Note that the pseudovector ηN effective coupling constant associated with the a 0 πN triangle is about three times larger as compared to the corresponding toy model value in Eq. (11). This observation underlines the importance of effective vertices for the coupling of the strange quarkonium to the nucleon (compare [14] for previous work).
Our result can be reformulated in terms of an effective ηN N Lagrangian with PS-PV mixing [15] that was also discussed in eta photoproduction before [16] 
with λ being a mixing parameter between the two limiting cases of PV coupling (λ = 0) and PS coupling (λ = 1). In combination with Eqs. (26-27) we obtain
In Fig. 3 we show a calculation of eta photoproduction using our coupling constants in comparison with the experimental data. We also compare with the results of Ref. [8] obtained in PS coupling with their best-fit coupling constant of g 2 ηN N /4π = 0.4. The average result over the angular distribution and, consequently, the total cross section is about the same in both calculations, however, in the forward-backward asymmetry our present calculation provides an even better description due to the small PV admixture. Considering the dash-dotted lines, calculated using a large value for the g a 0 N N coupling constant, it becomes clear that such large values for the a 0 coupling and consequently for the η coupling are ruled out by the experiment.
Our considerations show that towards a better understanding of the ηN coupling precise measurements of the a 0 (980) decay properties as well as a better knowledge on the a 0 N N coupling constant are needed.
We arrive at the conclusion that both the pseudoscalar and pseudovector coupling constants of the η meson to the nucleon seem to be exhausted by the effective a 0 πN triangular vertex. Consequently, the meson cloud model predicts realistic results for reactions involving the coupling of the ss system to nucleons.
To summarize, we wish to stress that in calculating the ηN N coupling it is necessary to account for the principal difference between the isosinglet and isotriplet axial vector currents of the nucleon on the quark level, a fact ignored by the quark model. For this reason the three flavor constituent quark model is unable to predict the correct size for g ηN N .
A similar situation is observed for the case of the KN Λ-and KN Σ-couplings which are concluded from photoproduction data on the nucleon to be about an order of magnitude smaller than the quark model predictions [17] . The small value for g KN Λ is well understood in accounting for the principal difference between the strangeness preserving and strangeness changing axial vector currents of the nucleon on the quark level [18] . 
